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RESEARCHMEMORANDUM

PRESSURE&ASUREW’TSONA SHARYLYCONVERGING

FUSELAGEAFTERBODYWTTHJETON ANDOFF

ATMACHNUMBERSFRO?40.8 TO1.6

By WilliamE.Stoney,Jr.andEllisKatz

SUMMARY —

A rocket-poweredmodelof a fin-stabilizedparabolicbodyof
revolutionwithfinenessratio8.91andmaximumdi=eterlocatedat
the80percentbodystationwasflownatMachnunibersfrom0.8 to 1.6

. to determinethestaticpressuresattwoorificeslocatedrearwardof
thestabilizingfinsat the91.4andthe-99.6percentstationsalong
thebody.

.4
Boththeoryandexperimentshowthatthesuctionandthedragover

theafterbodywereveryhigh. At a Machnuder of1.4 thepressure
.—

coefficientsatbothorificesweremorepositivethanthosepredicted
by theVonK&m&-Mooretheory.

.“.?
Thepressurerecoveryat therearof

thebodywasindicatedtobe muchgreaterthanthatshownby thetheory.
At subsonicspeedstheagreementbetweentheoryandexperimentwas~’air
atbothorifices.Therewereindicationsthatthepressuredragover -
theafterbodywaslowerthanthatcalculatedby thecry.Atbothsuper-●
sonicandsuksonicvelocitiesthejetraisedthepres~ureattherear
orificeconsiderably,whileitseffecton theforwardorificewas
restrictedto subsonicMachnumbers.

INTRODUCTION

In flighttestsconductedby theNACAonbodiesof revolution
differinginfinenessratioandpositionofmaxim diameter,itwas
noted(reference1)thatthedragofbodieshavingsharplyconverging
afterbodies,althoughhigh,wassignificantlylowerthanthatindicated

● by theVonK&m&-Moorelinearizedtheory.Thepresentinvestigation
wascarriedoutto investigatethisphenomenonandtohelpclarifythe

+
natureoftheflowoverbodieshavingsharply

“~

convergingafterbodies.
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As thelinearized-theorymightnaturallybe-expectedtobe ingreates,t‘-
errorovertherapidlyconvergingafterbody,twopresk~esweremeasured
whichwereexpectedtobe-indicativeof theflowovertheafterbody.

Thetestwasperformedon a rocket-pro~elledbodyatthePilotle88
AircraftResearchStationatWallopsIqlan@,Va. The=fin-stabilizedbody
wasof8.91finenessratioandhaditsmaximumdiameterlocatedat
80percentofthebodylength.

—

TheMachnumberrangeof 0.8t~ 1.65corresponds~toa Reynolds

numberrangeuf 23x 106to 63x 106basedbnbodyle@h.
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SYMBOLS -=..

dragcoefficientbasedonbodyfrontalareaofO.307squarefoot “----

()”P-POpressurecoefficient—
$V2

staticpreseureat.orifice,poundspersquare‘foot
-,

free-streamstaticpressure,poundspersquarefoot
-.

free-streamdensity,slugspercubic..foot..

trueairspeed,feetper‘second

Machnumber
.—

Reynoldsnumberbasedonbodylengthof 5.56 f;et

maximumradiusofbody,0.312foot * .-

bodylength,5.56feet

bodyradiusat stationx

distancealongbodymeasuredfromnose .

—

.-

.-
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MODELANDTEST

Thegeneralarrangementandphotographsof thetestconfiguration
areshowninfigures1 and2. Theprofileof thebodydescribed
parabolicarcs,theequationsofwhichareas follows:

‘x ‘0.8,For 0=~=

r—=
Rm 1-

1“’61P”8- :Y

1-$= 14”063(:-0“8)2.
where~ isthemaximumradiusand L -isthetotallength.

●

Themodelwas5.Ij6
0.307squarefootandad constructedofwoodand
andfairsurface.

feetlongandhada frontalarea ()mm’ of
baseareaof 0.0586sq~re foot. The-bodywas
finishedwithclearlacquerto forma smooth .—

Thetestvehiclewasstabilizedbythreeduralfins,sweptback45°
andhaving1.69squarefeettotalexposedarea. Inthestreamwise
directionthefinshadhexagonalsectionsof0.0278thicknessratio.
Thetrailingedgeofthefinsintersectedthebodyat the90.53percent
station.

A two-stagepropulsionsystem,wasemployedutilizinga shortened
3.25-inchMk.7rocketmotorasthesustainerunitagda modifiedlight-
weight~-inchHVARmotorasthebbosterunit. Theboosterunitwas
stabilizedby fourfinsandwasattachedto thesustainermotorby
meansof a nozzle-plugadapter.

Themodelwasfiredatan angleof 55° to. thehorizontal.Test
datawereobtainedandreducedby themethodsdescribedinreference2.
Dragcoefficientshavebeenbasedonbodyfrontalarea(0.307sqft) .
andrepresentthetotaldragof theconfigurationincludingfinand
interferencedrag.

m Themodelwasequippedwitha two-channeltelemeter
thestaticpressureat twobodyorifices.Bothorifices

~

fQrrecording
were3/16inch
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in diameter.Theestimatedmaximumsystematicerrorsindragand
pressurecoefficientsat variousMachnunibersareas-follows: 3–

I MachnumbersI CDI Cp frontI Cp rearI -.. .

0.80 ti .025 ti.069 s. 080
1.10 &.o14 ~.024 ~.034
1.40 ~.olg *.014 *.015

L

ExperienceindicatesthatthemaximumsystematicerrorinMachnuniber
is+0.010overtheMachnumberrangetested. .-

In figure3, theReynoldsnumberduringflight,basedonbody
length,isplottedagainstMachnumber. ._ .—

THEORETICALCALCULATIONS .-.

Inthispaper,mentionisfrequentlymadeof varioustheoretical
calculationsandplots.Thetheoreticalmethodsusedwerechosenfor
comparisonwiththee~erimentalresultsbecauseitwasfeltthey
embodieda reasonabledegreeof accuracywhilestillretaininganease
of computationsuitableforpracticaluse.~Theincompressiblepressure
distributionwascomputedby extendingtherearofthebodyto its
centerlineandusingthemethodofVonK&m& (reference3),wherein
thebodyisdividedat itsmaximumdiameterandthepressurescalculated
foreachisolatedhalf.Thissimplificationcausesa discontinuityin
thesubsonicpressurecurve;however,itisbelievedthattheyressures
overmostofthebodyareunaffectedby theappraxinationsinthis
method.ThevariationofthepressurecoefficientwithsubsonicMach
numberswascalculatedby themethodderivedby LesterLees(refer-
ence,k)forellipsoids.Reference5 comparesthismethodwithexperi-
mentalresultsforseveralnonellipsoidbodies,withgoodagreement.
ThelinearizedmethodofVonK&m& andMoore(reference6)wasused
to computethepressuredistributionat M = 1.4. Thevariationof
pressurecoefficientwithsuperso@cMachnumberwascalculatedusing
theexperimentalpressure,coefficientat M = 1.4 andthesimplified
methodproposedby Laitoneinreference7. Allcalculationsweremade
forjet~offflight.

*

—

I

“
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RESULTSANDDISCUSSION

MeasuredPressures
.

Thepressuresmeasuredontheafterbodyarepresentedin figure4
as pressurecoefficientCp againstMachnumberM. Theresultsare
presentedforpower-onandpower-offconditions.

Power-offflight.-Theforwardorificewaslocatedatapproximately
thestationwherethedragcontributionwascalculatedtobe greatest
andshowedverylargesuctionsthroughoutthetestrange.Itmaybe
notedherethatthesuctionsareofa greatermagnitudethanthose
measuredonthebasesof square-endbodiesof revolution(reference8).
Therearorifice,locatedasnearthe100percentstationaspractical,
showedpositivepressurecoefficientsovermostoftheMachnuniber
range.

Thesharptransitionattheforwardorificeat M = 0.92 is
indicatedtobe coincidentwiththelocalpressurereachinga critical
valuecorrespondingto a localMachnumiberof 1.00.A similartran-
sitionat M = 0.92 isnotobservedforthejet-onflight;however,
theinfluenceofthejetmayhavecausedlargeentropychangesduring
power-onflight.

Althoughthenatureoftheoscillationsobservedinthepressures
attheforwardorificeduringunpoweredflightfromaboutM = 1.30 to
M= 1.63 isnotunderstood,it isbelievedthatthesevariationsare
theresultof aerodynamicphenomenaandarenotproductsof thepressure-
measuringsystem.

Power-onflight.-Thecurvesforpower-onflightshowthatthe
effectof thejetwasnegligibleon thepressuresat theforwardorifice
at supersonicspeedsandwasconsiderableonthepressureat therear
orifice.Thehigherpressuresat therearorificeduring~wer-on
flightindicatea favorableeffectofthejeton drag.A similar
observationwasmadeinreference9 ontheeffectofan underexpanded
jetonpressuresona convergingafterbody.Thesehigherpressuresat
therearorificeare probablydueinparttotheeffectofthehighjet
pressuresbeingtransmittedforwardintheboundarylayer.Thisfavor-
ableeffectonover-alldragisprobablygreatestat subsonicMach
nuniberssincethepower-onpressuresforthefrontorificearealso
muchhigherinthisrange.It shouldbe mentioned,however,thatthe
precedingresultsareapplicableonlyto thepresenttestbodyandjet
characteristics.Forreferencepurposes,it isnotedherethatthe
3.25-inchsustainerrocketmotorusedhadanunderexpandednozzle,which
hadanexitstaticpressureof about28poundspersquareinchabsolute,
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andanexitvelocityofabout6200feetper~econdwhi-chcorrespondsto
an exitMachnumberof2.6. Theaverageatmosphericstaticpressure
duringthrustingflightwas14.1poundspersquareinch”.Thenozzle .
exitconditionsatbqrnouthavebeen’observedfromflightandground
teststo changeabruptlyfromanunderexpandedto anoyereqandedflow
asthethrustdropsto zero.Thisrapidfluctuationinnozzleexit
pressureis seentohavecauseda pronouncedreductionofthepressures
attherearorificenear M= 1.63. Thissameeffectof overexpansion
isnotedforpower-offflightbetweenM = 1.64 and M = 1.44 where
thepressuresatthisrearorificearebelievedtobe reduceddueto a
slightdegreeof rocketmotorafterburning.

Comparisonof,TheoryandEmeriment._ ,,

As is showninfigure4,theagreementofthesubeonictheorywith
thetestvaluesisfairlygoodalthoughtheincompressibletheoryhas
notbeencorrectedforthepresenceoftheflatbase. Thesubsonic
variationof Cp withMachnuniberas calculatedby themethodofLees

(reference4)agreeswellwiththatofthetestatbothorifices.The
variationof Cp withsupersonicMachnumberas calculatedby the
methodofLaitone(reference7)waslessthanthatshownby thetest
resultsatbothorifices.

.

Figure-5showsthepressureprofilesforthetestmodel,calculated
by themethodsdescribedinthesectionontheoreticalcalculations.

Boththesubsonicandsupersonictheoriespredictlargesuctions
followedby rapidrecompressionovertheafterbody;theexperimental—
resultsindicatethesamevariation,exceptthattherecompressionis
indicatedtobe ofmuchgreatermagnitudethancalculated.Thelarge
uressurerecoverybetweentheforwardand.rearorificeindicatesthat
iittle orno flowseparationoccurredovertheafterbody.
agreementwiththeobservationsofChapmanandPerkinsin
whereintheyshowedno separatio~forturbulentflowo~r
convergingafterbodies.

Figure6 isa plotofthepressure;dragdistribute%
lengthat M= 1.4. Thiscurve
pressuredistributionby useof

Thisisin
reference10,-
similarly

—
overthebody

wascalculatedfromtheVonK&m&n-Moore
the

2L
~

followingformula:
.

.

—
..



NACARM L50F06 7
-3

& Alsoshownin figure6 aretheeqerimentalvaluescalculatedfrom
themeasuredpressures.Boththeoryandexperimentshowthattheafter-
bodyhadveryhi~hpressuredrag.Theexperimentalpointsshowthat,
attheorificelocations,thedragcontributionwaslowerthancalculated
overtheafterbodywithoutfins.

Drag

Thevariationofthetotalpower-offdragcoefficientwithMach
ntier forthetestmodelandfortwoidenticalmodels(takenfrom
reference11)ispresentedin figure7. It isinterestingto note
thatthesteepdragriseandthedecreasingdragcoefficientsinthe
supersonicrangeweresimilartothepressurevariationshownin
figure4 fortheforwardorifice.Itmayalsobe mentionedthatthe

‘ variationis characteristicforparabolicbodiesof revolutionhaving
etiremereaqnardlocationsofmaximumdiameteraswasshownin
reference11.

Alsoshownin figure7 is a breakdownofthecomponentsof drag
at M = 1.4. Theisolatedfindragwasmeasuredinflighton as cylindricalbodyby useofthetechniquedescribedinreference2;the
basedragwasestimatedfromunpublisheddatafora seriesofbodies

d hatingconvergingafterbodies;thefrictiondragwasestimatedusing
an averagefrictioncoefficientof0.002(basedonwettedarea);and
thepressuredragwastakenfromthefollowingtable,whichwasderived
fromthecalculateddragdistributionof figure6 andgivesthe
incrementofpressuredragcontributedby each

Forebody 0.0268
Afterbody0.1840
Total 0.2108

sectionofthebody:

—

Althoughthebreakdownoftotaldragisnotintendedtobe rigorous,
it isbelievedthatit indicatesthecalculatedpressure-dragcontri-
butionoftheafterbodytobe toogreatasthecalculateddragcom-
ponentspresentedaretheminimumreasonablevaluesandthepressure
dragis65percentofthetotaldrag.Thisindicationis supportedby
theobservationsnotedinfigure6 whereinthemeasureddragcontri-
butionsattheorificelocationswerefoundtobe lessthancalculated.
It shouldbe notedherethatthetheoreticalcalculationsneglectedthe
effectofthefinsonthebody.
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CONCLUSIONS

A flighttestwasperfozmedona fin-stabilizedb6dyofrevolution *
to determinethenatureofthepressureforcesactingovertherear
portionofthebody.Withinthelimitsofthetest,thefollowing
effectswerenoted:

1.Boththeoryandexperimentshowthatthedragoftheafterbody
wasveryhighdueto extremesuctionsoverthatsectionofthebody.

—.
2.At a Machnumberof 1.4,the”pressurecoefficientsat 91.1and

99.6perceint,bodystationsweremorepositivethanthos.epredictedby
theVo-nKarman-Moore”.theory.Thepressurerecoveryovertheafterbody
wasindicatedtobe muchgreaterthanshownby theVon.K&rm&n-Moore
theory.Thesupersonicvariationof CP withMachnumberas calculated
by themethod-ofLaitonewaslessthanthatshownby thetestresults.
Theincompressiblepotentialtheorycorrectedforcompressibilityeffects
showedfairagreementwiththeexperimentalpressuresat subsonic
speeda. -. ..

3. Therewereindicationsthatthepressuredrago+ertheafterbody
waslowerthanthatcalculatedby theory.

4.At supersonicandsubsonicspeedsthejetraise~thepressure, .._
at therearorificeconsiderably,whileitseffectontheforward
orificewasrestrictedto subsonicMachnunibers.

LangleyAeronauticalLaboratory
,.

NationalAdvisoryCommitteeforAeronautics
LangleyAirForceBase,Va.
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Figure2..Generalenddetailviewsofthe
locationofthetwopressure

~
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testvehicleshowingthe
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